ABSTRACT
Introduction
Nonalcoholic fatty liver disease (NAFLD) is caused by the accumulation of fat in the hepatocytes, also called steatosis, and is a common cause of chronic liver disease 1 . The incidence of NAFLD is associated with conditions of insulin resistance such as obesity, type 2 diabetes, dyslipidemia and metabolic syndrome, and the disease can progress to inflammation of hepatic tissue called nonalcoholic steatohepatitis (NASH), fibrosis and cirrhosis 1 .
The most accepted theory about the development of NASH postulates that progression occurs in two hits, the first being the accumulation of fat in normal hepatocytes due to increased triglyceride mobilization and free fatty acid oxidation 2 .
This process is related to the insulin resistance characteristic of individuals with NAFLD, which is provoked by obesity and by excess dietary intake of energy and fats. Hyperinsulinemia favors steatosis by increasing the de novo synthesis and flow of free fatty acids to the liver, by reducing β-oxidation and provoking increased levels of pro-inflammatory cytokines such as TNFα, IL-1 and IL-6. The second hit is marked by the inflammatory response triggered by the cytokines and by the production of free radicals which characterizes the inflammation of hepatic tissue and steatohepatitis. Thus, the greater the accumulation of fat, the greater the oxidative and inflammatory response 3, 4 .
Fasting is a practice followed by different populations in association with religious and cultural practices and in pathological conditions such as eating disorders [5] [6] [7] . In addition, the period is exceeded, giving origin to a situation of hepatic steatosis 8 .
The excessive consumption of high-fat diets is strongly associated with metabolic syndrome, insulin resistance and hepatic steatosis and is a central characteristic of the so-called "modern life style" 9 .
Population studies that characterize the eating profile of populations with NAFLD or NASH provided the first evidence of a causal relation between lipid ingestion and the development of this liver disease, indicating that the consumption of saturated fat may cause changes in the metabolism and the development of NASH by lipo-apoptosis mechanisms 10, 11 . In addition, the greater susceptibility of polyunsaturated fatty acids (PFA) to peroxidation by free radicals has led to the investigation of a possible relation between high-fat diets rich in PFA and NASH, since the second step in the development of this liver disease implies the presence of an inflammatory process which is strongly related to the prooxidative environment 12 .
The objective of the present study was to assess the oxidative stress and the profile of fatty acids incorporated into the hepatic tissue of animals refed with high-fat diets after acute food restriction.
Methods
All animals were handled according to the recommendations of The Guide for the Care and Use of Laboratory The animals were divided at random into five groups and starved for 48 hours. After this period they were refed for 24 hours and then sacrificed. Before the experiment, the animals were allowed to adapt to the environment and to the diet for three days. trans-free margarine enriched with mono-and polyunsaturated fats. Table 1 presents the composition of the experimental diets.
Preparation of the diets
Thirty grams of diet were offered in individual stainless still containers and the amount consumed was determined before decapitation. The animals were weighed at the beginning of the experiment, after a 48 hour fast and immediately before sacrifice.
Liver and blood were collected for biochemical determinations.
Biochemical analysis
Total hepatic fat was measured by the method of Bligh and Dyer 15 in a 500 mg liver aliquot.
The total fatty acids of liver and experimental oil were determined by gas chromatography (Shimadzu Europe, Duisburg, Germany) using an instrument fitted with a polar SGE International (SGE Europe Ltd., United Kingdom) BPX70 column (30 m, 0.25 mm I.D., film thickness 0.25 mm). Helium was used as carrier gas and make-up air. Synthetic air and hydrogen were used for flame ionization detection at 280ºC.
Injections were made in the split mode. Fatty acids were determined by gas chromatography using an external standard (Supelco 37 component FAME Mix). Tissue fatty acids were determined by a direct transesterification method adapted from
Lewis et al. 16 . After the determination, the peroxidability index Lipid peroxidation was measured in the liver by the determination of malondialdeide (MDA) according to the method of Gerard-Monnier et al. 18 and catalase activity was assessed according to the technique proposed by Aebi 19 and expressed as U (mol / min)/mg protein.
Statistical analysis
Data are reported as mean ± standard deviation. The groups were compared by one-way analysis of variance followed by the Tukey post-test. The level of significance adopted was p<0.05.
Results
The animals of the refed groups differed in growth from group C (p<0.01 for PHVO, p<0.001 for TF and O). The NR group showed a lower mean body weight than group C, although the difference was not significant (p>0.05). These data are presented in Table 3 . The quantity of hepatic protein was lower in groups PHVO
and O compared to group C (p<0.05 and p<0.01, respectively). Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey post test). C -control group; NR -group without refeeding; PHVO -group receiving partially hydrogenated fat; TF -trans-free margarine group; O -group receiving margarine containing omega 3 and 6; SFA -saturated fatty acid. Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey post test). C -control group; NR -group without refeeding; PHVO -group receiving partially hydrogenated fat; TF -trans-free margarine group; O -group receiving margarine containing omega 3 and 6; MUFA monounsaturated fatty acid.
The liver polyunsaturated fatty acids (PUFA) are show in the Table 6 . The sum of PUFAs are higher in the NR and O compared to C (p<0.05 for both), PHVO (p<0.05 for both) and TF (p<0.05 for both).
The Table 7 shows the n6/n3 ratio, which was higher in the NR and O group compared to C (p<0.05 for both), PHVO (p<0.05 for both) and TF (p<0.05 for both). The peroxidability index (PI) was lower in the TF and O groups compared to C, NR and PHVO (p<0.05 for all), and lower in the PHVO compared to NR and C (p<0.05 for both); the NR had higher PI compared to C (p<0.05). Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey post test). C -control group; NR -group without refeeding; PHVO -group receiving partially hydrogenated fat; TF -trans-free margarine group; O -group receiving margarine containing omega 3 and 6; PUFA polyunsaturated fatty acid. Mean values on the same line followed by different letters were significantly different (p<0.05; ANOVA followed by the Tukey post test). C -control group; NR -group without refeeding; PHVO -group receiving partially hydrogenated fat; TF -trans-free margarine group; O -group receiving margarine containing omega 3 and 6; n-6 polyunsaturated omega-6 fatty acids; n-3 polyunsaturated omega-3 fatty acids; PI -peroxidability index.
Discussion
The offer of high-fat diets to rats represents an experimental model for the study of diseases such as NAFLD and metabolic syndrome [20] [21] [22] . The effects of trans fatty acids on the increase in LDL cholesterol levels and the decrease of HDL cholesterol levels are also well known 23 . In addition, these fatty acids are related to an increased incidence of obesity and diabetes mellitus type 2 24 .
The greater palatability of the diets offered to groups TF and O justifies the greater food consumption by these animals.
Consequently, these groups also had a greater final body weight.
The percentage of hepatic fat shows that animals refed with a fat-rich diet presented increased lipid amounts in the liver.
Refeeding with a high-fat diet after a prolonged fast maintains an elevated concentration of free fatty acids 25 , which will be taken up by the liver and will participate in β-oxidation during fasting.
The reduction of hepatic volume in the NR group represents an adaptive metabolic change in response to the period of food deprivation. The gastrointestinal tract has a high metabolic rate and therefore the reduction in volume of these organs represents a way of saving energy and is one of the morphological changes due to food deprivation 26 .
Glucose and glycogen stores are initially utilized during fasting and, with the increase in the time of deprivation, there is consumption of triglycerides and release of free fatty acids and glycerol from adipose tissue and proteins, since amino acids will be used for gluconeogenesis 26 .
Trans fatty acids are absorbed at a high rate, with 18:1t having a 95% coefficient of absorption, and they are also oxidized at rates similar to those of cis fatty acids Mean values with different letters in the same bar were significantly different (p<0.05; ANOVA followed by the Tukey post test.. C -control group; NR -group without refeeding; PHVO -group receiving partially hydrogenated fat; TF -trans-free margarine group; O -group receiving margarine containing omega 3 and 6. Catalase is mainly present in the peroxisomes, in which long-chain fatty acids are oxidized. The increased activity of this enzyme suggests a greater oxidation of these fatty acids. The higher activity of this enzyme is also linked to a higher expression of the transcription factor PPAR-γ which is associated with the development of hepatic steatosis 33 .
Conclusions
The consumption of high-fat diets after prolonged food restriction favors oxidative imbalance in hepatic tissue, as demonstrated by the increased concentrations of lipid peroxidation metabolites and consumption of antioxidant substances. Fasting also results in oxidative stress, although with lower intensity.
